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Renal bone disease: Radiological investigation. The bone dis- techniques such as radionuclide imaging (RNI), com-
ease associated with chronic renal impairment is complex and puted tomography (CT) and magnetic resonance imaging
multifactorial, and has changed over past decades. Whereas orig- (MRI) are required, for example, in localizing parathy-inally features of vitamin D deficiency (rickets/osteomalacia) and
roid tumors preoperatively.secondary hyperparathroidism (erosions, osteosclerosis, brown
The hand radiograph is probably one of the most com-cysts) predominated, improvement in management and ther-
apy have resulted in such readiographic features being present monly performed projections. It is important to optimize
in a minority of patients. Metastatic calcification and “ady- radiographic quality by using fine grained, single-sided
namic” bone develop as a complication of disease (phosphate emulsion (mammographic) film, a fine focal spot (0.6 mmretention) and treatment (phosphate binders). New complica-
or less) with appropriate exposure factors. Some advo-tions (amyloid deposition, noninfective spondyloarthropathy,
cate radiographic or optical magnification [8, 9].osteonecrosis) are now seen complicating long-term hemodial-
ysis and/or renal transplantation. Radiographs remain the most
important imaging technique, but occasionally other imaging
and quantitative techniques (CT, MRI, bone densitometry) are HYPERPARATHYROIDISM
relevant to diagnosis and management.
With the improvement in management of chronic
renal disease (hemodialysis, peritoneal dialysis, renal
transplantation, and new preparations of vitamin D)The bone disease associated with chronic renal impair-
[2, 10–13], radiological evidence of secondary hyperpara-ment is complex, and its manifestations have changed
thyroidism is much less frequently identified than beforeover the past two to three decades. Low levels of
the mid-1970s, when vitamin D metabolism was less well1,25(OH)2 vitamin D can result in rickets and osteomala-
understood than currently. With increased osteoclasticcia, as well as hypocalcaemia. The latter stimulates
bone resorption, the most common radiographic featuresecondary hyperparathyroidism, which, if intense and
that is evident is subperiosteal erosion. Although suchlong-standing, may become autonomous tertiary hyper-
erosions can occur in any site (juxta-articular, tendon/parathyroidism. As a result of renal failure, there is phos-
ligament insertions, skull vault “pepper pot skull”, outerphate retention; this combined with normal or raised
end of the clavicle, metaphysis/growth plate, sacroiliacserum calcium (hyperparathyroidism) causes an increase
joints–iliac margin), they are most often present in thein the calcium 3 phosphate product, resulting in meta-
hands, along the radial margins of the middle phalangesstatic calcification. Overall, bone density may be reduced
of the second and third fingers. If erosions are not present(osteopenia) or increased (osteosclerosis) [1, 2].
in the phalanges, they are unlikely to be identified radio-
graphically in other skeletal sites. Erosions of the termi-
RADIOLOGICAL INVESTIGATIONS nal phalanges result in acro-osteolysis; osteoclastic
Despite all the developments that have taken place in resorption in Haversian canals results in intracortical
imaging over the past two decades, radiographs remain resorption (tunnelling). With satisfactory treatment of
the most important and widely applied imaging tech- hyperparathyroidism subperiosteal erosions heal by fill-
nique in renal bone disease. Quantitative imaging meth- ing in with bone; acro-osteolysis may heal, but there is
ods, including bone densitometry, measurements of corti- usually residual deformity, with “stubby” terminal pha-
cal thickness and porosity, and image analysis techniques langes.
[3–7], are increasingly applied to study the effect of chronic Osteosclerosis is caused either by excessive accumula-
renal disease on the skeleton. Rarely, more sophisticated tion of poorly mineralized osteoid, which radiographi-
cally will appear more dense than normal bone, or is
due to an exaggerated osteoblastic response followingKey words: renal bone disease, metastatic calcification, parathyroid
tumors, osteosclerosis, brown tumors. bone resorption. This increase in bone density may be
generalized, or more usually is located in the axial skele- 1999 by the International Society of Nephrology
S-38
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ton, where the mid-plane of the vertebral bodies is nor- nied by florid callus, and from incremental fractures in
Paget’s disease of bone, which tend to occur in the outermal in density with endplate sclerosis (“rugger-jersey”
spine). cortex of bone with characteristic mixed sclerosis, radio-
lucency and disorganized trabecular pattern.Brown tumors are cavities in bone in which there is
excessive osteoclastic resorption, fibrous tissue, necrosis Metastatic calcification. This results from precipitation
of amorphous calcium phosphate in soft tissue and arte-and liquefaction. Such cavities appear as cysts in bone
(“osteitis fibrosa cystica” described by von Rechling- rial walls, and calcium hydroxyapatite in organs [15].
Clinically this causes “gritty”, sore eyes, itching skin and,hausen), can occur anywhere in the skeleton and may
expand bone. With treatment or fracture the cysts fill in in severe cases, calciphylaxis (ischemic necrosis of soft
tissue). This metastatic calcification can be present inwith woven bone, and as a consequence, increase in
density. heart, stomach, kidneys, lungs and skeletal muscle, where
it is rarely detected radiographically. Radiological calci-Periosteal reaction [10] was seen in the past in severe
and intense hyperparathyroidism and was most often fication is evident in the vessels and periarticular sites.
These latter are usually large joints (hip, shoulder), butevident in metatarsals, femora, pelvis and less commonly
in the humerus, radius, ulna, tibia, metacarpals and pha- small joints can also be affected, usually involve bursae,
but also joint capsules or tendons. Clinically theselanges. With improved management this is now an un-
common finding. calcified masses may cause pain, swelling and increase
rapidly in size, and as a consequence may be mistaken
for a “tumor.” It is important that these calcified masses
VITAMIN D DEFICIENCY
in chronic renal disease are not misdiagnosed as tumors
Deficiency in 1,25(OH)2 D [1, 13] results in defective and surgically excised, since they will recur. Whereas
mineralization of osteoid, with increase in the osteoid rickets, osteomalacia, and secondary hyperparathyroid-
to mineral ratio, and a qualitative abnormality of bone. ism have become much less evident radiographically in
In the immature skeleton this results in rickets, and in patients with chronic renal disease over the past three
the mature skeleton osteomalacia. These features are decades, the prevalence of metastatic calcification has
now infrequently seen with improved vitamin D com- perhaps become more frequent in recent years [16]. This
pounds and their use for treating the deficiency that may be due to a combination of excess phosphate not
occurs in chronic renal failure. being removed effectively by dialysis, the increased use
of calcium carbonate as a phosphate binder, and theRadiological features
occurence of “adynamic” renal bone disease [17]. This
Rickets. Rickets results from an abnormality of en- may result in the skeleton being a less effective reservoir
chondral ossification. Radiographically the abnormali- for calcium than normal, so that the calcium remains in
ties are evident at the metaphyses, which are cupped, the extracellular fluid.
expanded in width, and poorly mineralized. The growth If the serum phosphate is reduced by the use of phos-
plate is widened and the bones are soft and bend. The phate binders, the periarticular soft tissue calcification
features of rickets are most obvious at sites where growth will regress over a period of months. Liquefaction occurs
is occuring, particularly the wrist, knee, anterior middle in the masses and if radiographs are taken in an erect
ribs (“rachitic rosary”), proximal femur and distal tibia. position, a fluid/fluid mineral interface will be identified.
Bending of bones can result in bowed legs (genu valgum), Vascular calcification rarely regresses.
knocked knees (genu varum), deformity of the hips (coxa
vara or coxa valga) and indrawing of the ribs (Harrison’s
OSTEOPOROSISsulcus) in the chest. Abnormalities of enchondral ossifi-
cation can result in Harris growth arrest lines. If the amount of bone tissue is reduced (quantitative
abnormality) [18] the skeleton is not able to withstandOsteomalacia. The Looser’s zone is pathognomonic
of osteomalacia, and radiographically it appears as a normal forces and fragility fractures occur. These are
most commonly in sites of the skeleton rich in trabeculartranslucent line (unmineralized osteoid) that is perpen-
dicular to the cortex of a bone, has a sclerotic margin, bone in the spine, forearm and proximal femur. Fractures
resulting in vertebral deformity are described as end-and does not generally extend across the entire bone
shaft, unless a fracture has occurred through it. Looser’s plate, wedge or crush. The prevalence and incidence of
vertebral fracture in longitudinal studies can be definedzones can occur anyway, but are most common in the
medial femoral neck, pubic rami, lateral border of the subjectively or by several different quantitative methods
[19]. This is described as quantitative vertebral morpho-scapula and ribs; other sites include the ilium and acro-
mion. Looser’s zones must be differentiated from insuf- metry. Radiographically, osteoporotic bone is reduced
in density with thin cortices and reduced number of tra-ficiency fractures (osteoporosis) [14] that occur in the
pubic rami, the sacrum and calcaneum, often accompa- beculae. In the spine the loss of transverse trabeculae
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results in vertical striation. If fractures are not present, Aluminum accumulates at bone/osteoid interfaces and
then judging bone density on radiographs is inaccurate so inhibits mineralization. This can result in rickets and
and imprecise. Over the past decade quantitative mea- osteomalacia. Bone also becomes “adynamic” with re-
surement of bone mineral density (BMD) can be per- duced osteoid production and bone turnover. Radio-
formed in clinically relevant sites by dual energy X-ray graphically this results in reduced bone density and frac-
absorptiometry (DXA) (lumbar spine L1–4, proximal fe- tures. These fractures can occur in unusual sites (second
mur, forearm and whole body) [5, 6, 20] and by quantita- to fourth ribs, odontoid) or have an atypical appearance
tive computed tomography (QCT) (spine generally in long bones [28]. In patients with azotaemic osteodys-
T12-L3) [21]. Measurements can also be made in appendic- trophy and aluminum toxicity, there is less osteosclerosis,
ular sites (nondominant forearm) by single/dual energy fewer periosteal erosions and increase in the rate of
X-ray absorptiometry (SXA, pDXA) and by peripheral osteonecrosis following transplantation, than occurs in
pQCT. Such peripheral cortical measurements are rele- those individuals with chronic renal failure but without
vant in hyperparathyroidism, since they may show excess aluminum [29].
greater reduction of bone density than may be found in
axial sites and in trabecular bone [22].
OTHER COMPLICATIONS OF LONG-TERM
HEMODIALYSISPARATHYROID LOCALIZATION
Amyloid deposition diseaseWith improved management, intense secondary hy-
perparathyroidism and tertiary (autonomous) hyper- b2-microglobulin is normally filtered by the glomeru-
parathyroidism occur less frequently than in the past. lae, reabsorbed in the proximal renal tubules and catabo-
However, in 6–10% of patients, removal of the hyper- lized to amino acids. In chronic renal insufficiency this
plastic parathyroid glands is required [23]. Since all substance (amyloid) accumulates and can be deposited
glands will need to be localized at neck exploration and in bones. Radiographically these appear as well defined,
removed, preoperative imaging localizing techniques are corticated cysts in juxta-articular locations, particularly
not relevant. The most important factor is to have an around large joints (hips, shoulders, wrists) [30].
experienced surgeon perform the procedure; 95% of tu-
mors will be localized. If there has been failed neck Destructive, noninfective spondyloarthropathy
exploration, repeated surgery carries increased morbid-
Spondyloarthropathy affects patients who have beenity, and so preoperative localizing techniques are of
on long-term hemodialysis and involves the middle togreater importance. Techniques that have been applied
lower cervical spine [31]. There is reduction, or oblitera-to localize enlarged parathyroid glands are ultrasound,
tion, of the disc space with destruction/sclerosis of adja-radionuclide scanning, CT and MR [24]. Each individu-
cent vertebral endplates. The abnormalities progressally will localize between 60 and 80% of tumors; the
rapidly over a few months and must be differentiatedcorrect localization increases if several different tech-
from infective vertebral osteomyelitis. MR may be help-niques are performed. However, the method currently
ful in this differentiation. The etiology of this conditionadvocated before repeated surgery is a combination of
is debated; suggested causes are hyperparathyroidism,selective arteriography (this may show the tumor blush
crystal deposition disease or amyloid (b2-microglobulin)and draining venous anatomy, which can be anomalous
deposition, ligamentous laxity and neuropathy (in dia-following surgery) and venous hormone sampling [25].
betic patients).The latter provides a road map of parathyroid hormone
(PTH) levels and seeks to demonstrate a gradient of at
Complications of transplantationleast 3 2 in PTH concentration in a sampled vein to
that in a peripheral vein, for confident localization of a As a result of corticosteroid therapy patients may de-
parathyroid tumor. When patients are not fit for surgery, velop osteonecrosis [32, 33]. Most commonly this in-
there has been some transient reduction in parathyroid volves the femoral head, but has also been described in
hormone production following infarction by emboliza- the humeral head, the talus, the humeral condyles, the
tion [26] or ultrasound guided alcohol ablation of the cuboid and carpal bones.
hypertrophied parathyroid tissue [27].
Tendonitis
ALUMINUM TOXICITY Tendonitis/tendon rupture [34] can occur in the Achil-
les tendon, quadriceps and rotator cuff and is thoughtAluminum toxicity [28, 29] is caused by excessive in-
to be due to hyperparathyroidism and erosions at tendongestion of aluminum hydroxide taken to reduce serum
phosphate, or from aluminum in the hemodialysis water. insertion.
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